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INFLUENCE OF BLACK-TAILED PRAIRIE DOG TOWNS
(CYNOMYS LUDOVICIANUS) ON CARNIVORE DISTRIBUTIONS
IN THE OKLAHOMA PANHANDLE
Michael J. Shaughnessy, Jr.,1,3 and Richard L. Cifelli2
ABSTRACT.—Carnivores were recorded at prairie dog towns and non-prairie dog town paired sites in the Oklahoma
Panhandle over 4 sampling sessions from October 1995 to February 1997. We established carnivore presence through
the use of baited tracking plates dusted with chalk and matched with infrared-triggered cameras. Five carnivore species
were recorded at both prairie dog towns and paired sites across the Oklahoma Panhandle. Of these, 4 were recorded
with sufficient regularity to permit analyses. Carnivores were analyzed at prairie dog towns across the entire Panhandle
and in the Panhandle’s westernmost county (Cimarron County) only. Canids showed no significant preference for prairie
dog towns or other areas. In the Oklahoma Panhandle and Cimarron County only, occurrence of swift fox (Vulpes velox)
between prairie dog towns and control sites was insignificant. Badgers (Taxidea taxus) and spotted skunks (Spilogale
putorius) occurred significantly more often at prairie dog towns in Cimarron County but not in the Panhandle. No single
mustelid species showed a significant association with either prairie dog towns or non-prairie dog town habitats. Our
results indicate that whereas prairie dog towns do attract some carnivore species, the presumption that prairie dogs are
“keystone species” for so many organisms (especially threatened or endangered species) in the current plains ecosystem
may not be as clear as previously thought.
Key words: prairie dog town, keystone species, carnivore, swift fox, coyote, badger, skunk.

The ability of black-tailed prairie dogs (Cynomys ludovicianus) to broadly alter biotic and
abiotic characteristics of their environment
has been the focus of intense scientific investigation over the last 20 years (Bonham and Lerwick 1976, Clark et al. 1982, Garrett et al. 1982,
O’Meila et al. 1982, Coppcock et al. 1983,
Agnew et al. 1986). More recently, research
has been directed to questions regarding the
specific effects black-tailed prairie dog activities have on other prairie organisms (Clark et
al. 1982, Knowles et al. 1982, Agnew et al.
1986, Whicker and Detling 1988, Sharps and
Uresk 1990, Miller et al. 1994, Barko 1997).
Their ability to alter their environment has led
to the suggestion that black-tailed prairie dogs
may function as “keystone species” (a species
having a dominating influence on the composition of a community [Ricklefs 1997]) in the
prairie ecosystem, creating patches of more
suitable or even preferred habitat for other
prairie organisms (Clark et al. 1982, Forrest et
al. 1988, Seal et al. 1989, Sharps and Uresk 1990,
Knowles and Knowles 1994, Miller et al. 1994,

Hoogland 1995, Barko 1997). In Oklahoma, 48
species of vertebrates have been reported to
be associates of black-tailed prairie dog towns;
22 of these species are considered rare and/or
protected by federal or state legislation (Shackford and Tyler 1991).
Since the turn of the century, black-tailed
prairie dog populations have experienced periods of decline and recovery due to numerous
factors ranging from disease to federal and private control practices (Miller et al. 1994). The
area presently covered by black-tailed prairie
dog towns in the central plains may have been
reduced by as much as 99% since the turn of
the century (Miller et al. 1994). Structure and
arrangement of black-tailed prairie dog towns
in the environment have changed as well. In
the past black-tailed prairie dog towns were
typically large and continuous (Marsh 1984).
With the reduction in black-tailed prairie dog
populations, towns in some areas have become
increasingly fragmented, smaller, and isolated
(Marsh 1984). As a keystone species, the blacktailed prairie dog would be expected to have a
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disproportionate effect on species assemblages
wherever they occur. This change in landscape
dynamics could be expected to significantly
affect those species associated with black-tailed
prairie dog towns.
Populations of black-tailed prairie dogs have
declined in Oklahoma, particularly in the region
known as the Panhandle (Osborn and Allan
1949, Shaw et al. 1991). Populations in the Panhandle also are unstable, as illustrated by the
fact that only 39% of black-tailed prairie dog
towns mapped in 1967 survived to 1989 (Shaw
et al. 1991). During 1991 some of the largest
black-tailed prairie dog towns in the Panhandle
were decimated by sylvatic plague (Yersinia
pestis; Shaw et al. 1991). This reduction of
populations and town sizes has provided an
increased incentive to study the relationships
between black-tailed prairie dogs and their
vertebrate associates.
Among the associates reported for blacktailed prairie dog towns, mammalian carnivores
have the potential to be some of the most
severely affected by decreases in population
size and town area. As upper trophic-level consumers, mammalian carnivores may depend
upon prairie dog towns to provide food sources,
both prairie dogs themselves and small mammals and birds they may attract (Koford 1958,
Forrest et al. 1988, Sharps and Uresk 1990,
Hoogland 1995). Mammalian carnivores also
may exploit prairie dog burrows as potential
denning sites, particularly on the edges of
prairie dog towns. Smaller carnivores also may
depend upon the burrows of prairie dogs as
escape routes when pursued by larger carnivores. The black-footed ferret (Mustela nigripes),
a mammalian carnivore known to be highly
associated with prairie dogs, suffered high
losses when prairie dogs in Wyoming died
from sylvatic plague (Forrest et al. 1988, Seal
et al. 1989). In Oklahoma, the 3-county Panhandle region supports 17 mammalian carnivore species (14 extant, 3 historically) in 5
families (Caire et al. 1989). Four of these mammalian carnivores are reported to be associated
with black-tailed prairie dog towns (Shackford
and Tyler 1991).
The purpose of this research was to examine carnivore occurrence and activity at blacktailed prairie dog towns in the Oklahoma Panhandle. We also investigated whether these
carnivores occur at black-tailed prairie dog
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towns more often than they occur in surrounding habitats. These questions were intended to
provide a better understanding of the role of
black-tailed prairie dogs in structuring local
and regional carnivore assemblages.
STUDY AREA
We conducted research on prairie dog towns
and carnivores in the Oklahoma Panhandle,
which is adjacent to the northwesternmost part
of the body of the state and is approximately
267 km long (east–west) and 55 km wide (north–
south). Three counties (Cimarron, Texas, Beaver)
of approximately equal size comprise the Panhandle.
Historically, the Panhandle was a shortgrass
prairie dominated by blue grama (Bouteloua
gracilis), buffalograss (Buchloe dactyloides),
and prairie three-awn (Aristida oligantha;
Shaughnessy 2003). Prairie dog towns occurred
in all habitat types throughout the Panhandle
(Shackford and Tyler 1991). Panhandle prairie
dog towns also were reported to be continuous, spreading unbroken for miles (Shackford
and Tyler 1991). Historically and currently,
several major riparian areas cut through the
landscape. These are dominated by large eastern cottonwoods (Populus deltoides) and taller
grasses (Shaughnessy 2003). A mesa habitat,
characterized by sand sagebrush (Artemisia filifolia), juniper (Juniperus scopulorum), prickly
pear and/or cholla (Opuntia spp.), and twoneedle pinyon (Pinus edulis; Shaughnessy 2003),
dominates the northwest corner of the Panhandle.
Over time the Panhandle environment has
been altered by human activities (Shaughnessy
2003). Agricultural, livestock, and fossil fuel
interests have come to dominate the landscape
(Shaughnessy 2003). Although historical habitat types still persist, the quality and quantity
of habitats have changed. Grassland, mesa, and
riparian areas are now almost entirely grazed
by domestic cattle or converted to other agricultural uses, and little remains of the original,
extensive shortgrass prairie (Shaughnessy 2003).
Prairie dog towns also have been reduced in
numbers and sizes due to periodic episodes of
plague (Yersinia pestis) and eradication efforts
of landowners (Marsh 1984, Shaw et al. 1991).
Presently, the total area covered by prairie dog
towns in the Oklahoma Panhandle is approximately 562 ha (Shaughnessy 2003).
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We determined the presence and distribution of carnivores by using baited tracking
plates at preestablished tracking stations applying the method described in Shaughnessy
(2003). Stainless steel tracking plates (approximately 1 m × 1 m) were placed at tracking stations and sprayed with a mixture of isopropyl
alcohol and carpenter’s chalk. A 1-inch hole
was drilled through the center of each plate,
allowing it to be placed directly over a stake
that permanently marked the tracking station
(Shaughnessy 2003). Bait, consisting of canned
mackerel and/or beef scraps, was placed in the
middle of the plate or on the stake. We examined the plates for tracks and moved them
at the end of the 3-night sampling period
(Egoscue 1956, Orloff et al. 1986).
Ninety permanent tracking stations were
established previously throughout the Panhandle in a stratified random design as part of
a broader project examining Panhandle carnivore distributions (Shaughnessy 2003). Stations
were established based first on county area
and then on area covered by major habitats
(Shaughnessy in press). Habitats were identified
by vegetation, physiographic features, and/or
land use (Shaughnessy 2003). Of 90 stations,
16 were established at prairie dog towns and
16 at control sites located in habitats adjacent
to the prairie dog town stations. In almost all
instances control sites were located within
about 15 km of tracking stations at prairie dog
towns. Because of this, we could reasonably
expect that any carnivores detected at one site
could potentially be detected at that site’s pair
(Zoellick and Smith 1992). In all instances control sites were placed in habitats similar to or
nearly identical to those in which the prairie
dog town sites occurred, and control sites were
paired with prairie dog town sites as part of
the statistical design.
We conducted 4 tracking plate surveys in
the Panhandle from October 1995 to February
1997, one survey during each season to minimize within-season variation in carnivore detections. Panhandle counties were surveyed in
staggered succession, offset by 1 day per county.
We completed all surveys within 7 days of
their initiation. Tracking plates at prairie dog
towns were operated for 163 functional plate
nights across the Panhandle and for 155 functional plate nights at paired sites. Cimarron
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County reported the most consistent and highest numbers of carnivore detections at both
prairie dog towns and non-town sites. As a
result, we analyzed separately data from
Cimarron County where we recorded for 53
functional plate nights (5 plates total) at prairie
dog towns and 51 functional plate nights (5
plates total) at paired sites. A functional plate
night is defined as 1 tracking plate operated
for 1 night without rain.
Statistical Methods
Due to the ordinal nature of the data (2sample ranked test), we used nonparametric
statistics. All data for carnivore counts at
prairie dog towns and paired sites were analyzed with a Wilcoxon paired-sample test. This
test was chosen because the sampling and statistical design had paired prairie dog towns
with adjacent non-prairie dog town control
sites before we initiated data collection. We
felt that these a priori pairings appropriately
linked the 2 sampling designations. As a result,
the Wilcoxon paired-sample test was determined to be the most rigorous and appropriate
for these analyses.
The westernmost county in the Oklahoma
Panhandle (Cimarron) accounted for most carnivore detections during all phases of this
study. Two separate analyses were conducted,
1 analyzing data for the entire Panhandle and
a 2nd analyzing data only for Cimarron County.
The 2 analyses would help determine what
effect, if any, the skewed detection frequencies had on data analyses and interpretation.
All statistical tests were computed according to
protocol described in Zar (1984).
The nature of the data generated by tracking plates was such that individual carnivores
of the same species could not be distinguished.
As a result, it was impossible to determine if
multiple detections of the same species of carnivore at the same site resulted from visits by
different carnivores or a single carnivore that
visited the site many times. Analyses did not
require this type of differentiation though, as
data were not used to estimate carnivore numbers. Rather, data were used to measure carnivore activity between 2 habitat types (prairie
dog towns and non-prairie dog town areas).
Carnivore-preferred habitats would necessarily generate more detections, either by attracting many carnivores or by retaining just a few
carnivores over time.
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RESULTS
Five carnivore species were identified at
black-tailed prairie dog towns (Vulpes velox,
Canis latrans, Spilogale putorius, Taxidea taxus,
and Lynx rufus). We detected 4 of these carnivores often enough to permit individual analyses: Vulpes velox (6 detections at prairie dog
towns, 15 detections at paired sites), Canis
latrans (9, 3), Spilogale putorius (7, 4), and
Taxidea taxus (3, 0). The bobcat, Lynx rufus,
was not detected often enough to permit individual analysis (0, 1), but data on bobcats were
included in analyses of all carnivores at prairie
dog towns. A single striped skunk, Mephitis
mephitis, was detected at 1 paired site in the
Panhandle during this study, but no striped
skunks were detected at prairie dog towns.
At prairie dog towns we recorded 25 carnivore detections over the course of the study.
Twenty-five detections were also recorded at
paired sites during this same period. Analysis
using a Wilcoxon paired-sample test revealed
no significant differences between carnivore
detections at prairie dog towns and nonprairie dog town paired sites (n = 11; T+ =
32.5, T– = 30.5; P ≥ 0.05; Fig. 1). Data in figures are presented as indices of activity expressed as the number of detections divided
by functional plate nights.
Seventeen carnivore track detections (in 4
species) were recorded at prairie dog town
sites in Cimarron County and 14 (in 5 species)
at paired sites: Vulpes velox (6 detections at
prairie dog towns, 10 detections at paired sites),
Canis latrans (4, 1), Taxidea taxus (3, 0), Spilogale putorius (4, 2), Lynx rufus (0, 1). Again,
the analysis using Wilcoxon paired-sample
tests revealed no significant differences in carnivore detections between prairie dog towns
and their paired sites in Cimarron County (n
= 5; T+ = 9, T– = 5; P ≥ 0.05; Fig. 1).
We analyzed canids as a group with respect
to their occurrence at prairie dog towns and
paired sites. Of 2 canid species detected (Canis
latrans and Vulpes velox), we recorded 15 track
detections at prairie dog towns and 18 at paired
sites. Wilcoxon paired-sample analysis revealed
no significant differences in detections of canids
between prairie dog towns and paired sites (n
= 10; T+ = 24, T– = 31; P ≥ 0.05; Fig. 2).
Analysis of canid data for Cimarron County
also resulted in no significant differences in
canid detections at prairie dog towns and

Fig. 1. Comparison of canid, mustelid, and all carnivore
detection frequencies at prairie dog towns and control
sites in the Oklahoma Panhandle, 1995–1997.

paired sites (n = 5; T+ = 6, T– = 9; P ≥ 0.05;
Fig. 2). Ten canids were recorded at prairie
dog towns whereas 11 were recorded at paired
sites.
Individual species also were analyzed for
differences in occurrence between prairie dog
towns and non-prairie dog town sites. In our
analysis of coyote (Canis latrans) detections at
prairie dog towns and paired sites across the
Panhandle, we found no significant differences between coyote occurrences at prairie
dog towns and at paired sites (n = 5; T+ =
13.52, T– = 1.5; P ≥ 0.05; Fig. 2). However, 9
coyotes detections were recorded at prairie
dog towns in contrast to only 3 at paired sites.
Coyote occurrences at prairie dog towns and
paired sites in Cimarron County only were not
analyzed because the data set was too small
and the distribution of the data across the Panhandle was not as skewed.
Across the Panhandle, 6 swift foxes were
recorded at prairie dog towns whereas 15 were
recorded at paired sites. The Wilcoxon pairedsample analysis of these data was insignificant
(n = 7; T = 5; P ≥ 0.05). When we analyzed
data for swift foxes detected in Cimarron County
only, results were also insignificant (n = 5; T =
4; P ≥ 0.05; Fig. 2). In Cimarron County, 6 swift
foxes were recorded at prairie dog towns compared with 10 at non-prairie dog town paired
sites.
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Fig. 3. Comparison of mustelid species at prairie dog
towns and control sites in the Oklahoma Panhandle,
1995–1997.
Fig. 2. Comparison of Vulpes velox and Canis latrans
detection frequencies at prairie dog towns and control
sites in the Oklahoma Panhandle, 1995–1997.

Mustelids were analyzed as a group as well.
Across the Oklahoma Panhandle, we recorded
10 mustelids in 2 species at prairie dog towns
and 6 mustelids in 3 species at non-prairie dog
town paired sites. Mustelids did not occur significantly more often at prairie dog towns across
the Panhandle than at the non-prairie dog
town paired sites (n = 8; T+ = 25, T– = 11; P
≥ 0.05; Fig. 3). In Cimarron County mustelids
were significantly associated with prairie dog
towns (n = 4; T = 0; P ≤ 0.05; Fig. 3). Seven
mustelids were recorded at prairie dog towns
in Cimarron County whereas only 2 were recorded at paired sites.
The spotted skunk (Spilogale putorius) was
the mustelid we most often recorded at prairie
dog towns and paired sites. Spotted skunks
were recorded 7 times at the former sites and
5 times at the latter sites across the Panhandle.
Spotted skunks, however, were not significantly
associated with either prairie dog towns or
paired sites (n = 8; T = 7; P ≥ 0.05; Fig. 3). In
Cimarron County spotted skunks again were
not significantly associated with either prairie
dog towns or paired sites (n = 4; T+ = 3, T–
= 0; P ≥ 0.05; Fig. 3). Four spotted skunks
were recorded at prairie dog towns in Cimarron County and only 2 at paired sites.
The badger (Taxidea taxus) was the only
other mustelid we detected at prairie dog towns.
No badgers were recorded at paired sites, nor

were they detected outside Cimarron County.
However, we recorded 3 badgers at prairie
dog town sites in Cimarron County (Fig. 3).
Due to the small sample size, we performed
no statistical tests on these data. The data are
presented here merely to illustrate a trend of
badgers toward prairie dog towns.
DISCUSSION
Sample sizes and visitation rates at permanent tracking stations were low, which is not
uncommon for tracking studies (Humphrey
and Zinn 1982, Conner et al. 1983). However,
the low numbers of data could have had an
effect on the power of the tests to detect significant differences. The paired-sample design
and the use of nonparametric procedures for
analyzing the data addressed some of these
deficiencies, but the small nature of the data set
must be kept in mind for any interpretations.
In general, carnivore species detected during this study did not show a significant affiliation with black-tailed prairie dog towns in the
Oklahoma Panhandle. Total numbers of carnivore detections at prairie dog towns and paired
sites were very similar for the entire Panhandle
(Fig. 1) and for Cimarron County as well, which
was, in terms of total detections and frequency
of detections, the county in which carnivores
were most abundant (Fig. 1).
There were variations among canids with
respect to affiliation with prairie dog towns.
The 2 canids detected during the study (coyote
and swift fox) showed divergent patterns in
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association with prairie dog towns. When combined, canids were not significantly associated
with prairie dog towns either in Cimarron
County alone or across the entire Panhandle.
Individually, however, certain trends were
apparent. Coyotes, while not statistically significantly associated with prairie dog towns,
trended toward higher numbers of detections
at prairie dog towns (Fig. 2).
Swift foxes trended away from prairie dog
towns in Cimarron County and across the entire
Panhandle (Fig. 2). These results do not seem
to support the long-held assumption that prairie
dog towns are important resource areas for
sensitive species like the swift fox.
Interference competition, aggression, and
even predation have been documented between
canids in many different ecosystems (Carbyn
1982, Rudzinski et al. 1982, Sargeant et al. 1987,
Harrison et al. 1989, Bailey 1992, Peterson
1995, Dayan and Simberloff 1996, Johnson
et al. 1996). Because larger canids harass and
threaten smaller canids, some resources or
areas become unavailable to the smaller canids.
Small canids persist in the environment by
behaviorally avoiding those areas that are most
likely to contain larger canids (Carbyn 1982,
Sargeant et al. 1987, Harrison et al. 1989, White
and Ralls 1993, White et al. 1994, Ralls and
White 1995, Gese et al. 1996).
It is possible that this dynamic is at work
between swift foxes and coyotes in the Oklahoma Panhandle at black-tailed prairie dog
towns. Coyotes and swift foxes trended in
opposite directions at prairie dog towns and
paired sites. Prairie dog towns may be areas
rich in resources that canids recognize and
attempt to exploit. However, smaller canids,
such as swift foxes, may perceive an increased
risk of predation at prairie dog towns due to
increased coyote presence. Thus, they avoid
prairie dog towns, confining their activity away
from towns to areas of lower coyote densities.
Across broader Panhandle habitats, swift foxes
were detected more frequently in range and
mesa habitats, away from prairie dog towns
(Shaughnessy 2003). Coyotes were detected infrequently in the broader range and mesa nonprairie dog town areas (Shaughnessy 2003).
Swift foxes in the Oklahoma Panhandle may
be forgoing prairie dog towns as resource areas
in favor of the more “coyote depauperate” range
and mesa habitats. While prairie dog towns
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may be important areas for coyotes, in this instance, interspecific interactions, which affect
canid distributions in the broader prairie ecosystem, may be operating at prairie dog towns.
Mustelids also exhibited interesting occurrence patterns between prairie dog towns and
paired sites. Although mustelids were significantly associated with prairie dog towns in
Cimarron County, they were not significantly
associated with prairie dog towns across the
Panhandle (Fig. 3). Three mustelids were detected during this study, but only 2 (badger
and spotted skunk) were detected at prairie
dog towns. Striped skunks were not detected
at the prairie dog town stations during any
part of the study and were detected only once
at a control site. Even with poor representation of striped skunks, mustelids still exhibited
a significant association with prairie dog towns
in Cimarron County and a preference for prairie
dog towns across the Panhandle. No single
mustelid species exhibited a significant association with either prairie dog towns or paired
sites across the Oklahoma Panhandle or in Cimarron County alone.
We detected badgers only at prairie dog
towns and never at paired sites during the
course of this study. The occurrence of badgers exclusively at prairie dog towns appears
to be the reason mustelids, in general, were
determined to be significantly associated with
these areas. The total absence of badgers at
paired sites suggests that badgers have a strong
association with prairie dog towns. Badgers
have long been known to be associated with
prairie dog towns and are, in fact, major predators of prairie dogs and ground squirrels
(Spermophilus tridecilineatus) in Oklahoma
(Caire et al. 1989).
Spotted skunks also were detected at prairie
dog towns in slightly disproportionate (although
not significant) numbers (7 detections at towns,
5 at paired sites). However, these trends are
not sufficiently large enough to permit interpretation.
Prairie dog towns appear to be important
resource areas for carnivores (particularly
mustelids in general) in the Oklahoma Panhandle. Nonetheless, their overall importance
and the strength of carnivore associations with
prairie dog towns (particularly for some rarer
carnivores) may not be as clear as previously
thought for specific species. Swift foxes persist
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in other parts of the Oklahoma Panhandle
(Shaughnessy 2003) despite their lower frequency of detection at prairie dog towns (possibly due to the heightened coyote presence in
these areas).
This is not to say that prairie dog towns are
not vital habitats of the plains ecosystem.
Prairie dog towns in the plains ecosystem are
undeniably unique areas. Their role in structuring and influencing prairie communities
has been well documented for many species
(Clark et al. 1982, Whicker and Detling 1988,
Sharps and Uresk 1990, Miller et al. 1994,
Hoogland 1995). They increase species richness, mix topsoil and subsoil, and have large
overall effects on ecosystems and biodiversity
in the plains (O’Meila et al. 1982, Coppcock et
al. 1983, Hoogland 1995). Other carnivores
are also known to be highly associated with
prairie dog towns (e.g., black-footed ferret and
badger). However, it is equally important not
to overlook or underestimate other species
interactions that may be as important or even
more important in influencing organismal and,
in this instance, carnivore distributions in prairie environments. This research provides indications that, whereas prairie dog towns do appear
to be favored by some carnivores (coyotes and
mustelids), other interactions (e.g., interspecific interactions) between organisms may be
as important in determining distributions of
carnivores (swift fox and coyote) in the Oklahoma Panhandle.
Ultimately, the role of prairie dogs in the
ecosystem of the Great Plains is dependent
upon the definition of “keystone species.” Traditionally, a keystone species has been designated as one whose presence or absence in an
ecosystem overrides other interactions within
the system and regulates the structure and
dynamics of the entire community (Feldhamer
et al. 1999). The role of prairie dogs as keystone species in the plains has recently been
questioned (Stapp 1998, Barko et al. 1999). With
respect to carnivores (and specifically canids)
in the Oklahoma Panhandle, prairie dogs may
not exert the single overriding influence determining carnivore occurrence. At least one
type of interaction (interspecific) other than
the presence of prairie dogs seems to be involved in determining carnivore presence in
the Panhandle. As a result, the assignment of
prairie dogs as keystone species in the plains
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environment should be reexamined as it relates
to carnivores.
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